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Abstract: Maxwell first published what came to be called “Maxwell’s equations” in 1865. However, it 
was not until 1888, and Heinrich Hertz’s experimental validation that Maxwell’s equations were accepted 
as correct. The story of the intervening 23 years is little known. Maxwell, who died in 1879, was 
exceptionally modest and did not promote his own results at any time. The survival of Maxwell’s 
equations was up to the only three researchers in the entire world who paid serious attention to Maxwell’s 
Treatise: Oliver Heaviside, Oliver Lodge, and George Francis FitzGerald. Later, Hertz joined the group 
forming “The Four Maxwellians”’. In this presentation, we describe the torturous path Maxwell’s 
equations took from their creation to their initial acceptance. This paper is a summary of the full paper to 
be published in the ACES Journal. 
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1. Summary 


At the battle of Trafalgar, Fig. 1, in 1805, British 
Lord Nelson achieves victory over a much larger 
French and Spanish fleet. The strategy he used had 
been developed by James Clerk Maxwell’s great- 
great uncle, John Clerk of Elden [1]'. This battle 
established British dominance on the oceans for the 
19" century. This also allowed Britain to establish a 
monopoly on the production of a natural plastic, 
gutta percha. Gutta percha was the only material 
available that was usable as under water cable 
insulation. The monopoly on gutta percha and British 
dominance on the oceans allowed Britain a near 
monopoly on undersea cables, which in turn drove 
British science and technology. This amazing 
confluence of circumstances is the environment in 
which Maxwell, Fig 2, [1-2], developed his 
electromagnetic theory, first published in 1865. This 
work was performed at his home, Glenlair [3], Fig. 3. 

George Francis FitzGerald [4], Fig. 4, of Trinity 
College, Dublin, starts publishing on Maxwell’s 
electromagnetic theory upon Maxwell’s death in 
1879. He correlates a previous theory of the either to 
Maxwell’s theory. This effort brings reflection, 
refraction, and diffraction into Maxwell’s theory, 
something Maxwell had not done. 

Oliver Lodge [4], Fig. 5, also comes into play 
now. FitzGerald and Lodge encounter each other at a 
meeting of the British Association and finding a 
strong shared interest in Maxwell’s theory, and they 
quickly become close friends. Lodge eagerly builds 
various mechanical models of the putative 
luminiferous ether. Eventually, they come to the 
conclusion that electricity cannot generate an 
electromagnetic wave. Their conclusions are based 
on incorrect interpretations of comments by Maxwell 
and on a mathematical mistake Maxwell had 
published in his Treatise. 

Oliver Heaviside [4-5], Fig. 6, also joins the 
group. Heaviside is a self-taught mathematical genius 
who keeps to himself almost hermit like. He never 
socializes or attends meetings. However he did 
publish and correspond extensively. He was the first 
to put Maxwell’s equations into their modern duplex 
form. 





Fig. 1. The death of Lord Nelson in the battle of 
Trafalgar on his flagship the HMS Victory, image 
from a philatelic souvenir sheet issued by the 
Island of Jersey. 
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Fig, 2, Unveiling of a statue in honor of Maxwell 
in Edinburgh [4]. Sandy Stoddart, the sculptor, 
watches to the left. 


' Available at www.sonnetsoftware.com, click on Resources->JC Maxwell Biography. 


Much later, during some experiments with 
lightning, Lodge’ realizes he _ has _ created 
electromagnetic waves. He is about to publish and 
then...before Lodge can publish his preliminary 
results, Heinrich Hertz [4], Fig. 7, publishes a full 
and detailed experimental validation of Maxwell’s 
equations. Hertz had also independently put 
Maxwell’s equations into their modern form. In spite 
of their extensive changes, both Heaviside and Hertz 
agree to continue calling them, “Maxwell’s 
Equations.” 

Hertz, Lodge, and Fitzgerald meet at the 1888 
Bath meeting of the British Association, where Hertz 
announces his discoveries. Suddenly, Maxwell’s 
theory, which had for the previous 23 years been 
widely dismissed, is now suddenly accepted. And 
the rest, as they say, is history. 
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Fig. 3. Maxwell’s home in Scotland, recently 
partially restored, where Maxwell wrote his 
Treatise and the field of electromagnetic theory 

began. 





Fig. 4. George Francis FitzGerald found a 
connection to an earlier theory of the ether, and 
thus introduced reflection, refraction, and 
diffraction to Maxwell’s work. 
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Fig. 5. Oliver Lodge worked extensively with 
mechanical models of the ether inspired by 
Maxwell’ s Treatise and his association with 
Fitzgerald. 





Fig. 6. Oliver Heaviside was the first to put 
Maxwell’s equations in their modern form, image 
from IEE archives. 





Fig. 7. Heinrich Hertz independently put | 
Maxwell’ s equations into their modern form and 
went on to achieve experimental validation. 


